We have demonstrated that rates of glucose utilization (uptake and phosphorylation by oxidative skeletal muscles vary markedly over the diurnal cycle, with peak rates during the dark (feeding/activity) phase [ 11. The pattern of change in rates of glucose utilization are explained partially by changes in rates of glycogen synthesis [l]. We have also shown that the heart can alter its metabolic profile over the diurnal cycle (21. Diurnal changes in the activities of cardiac lipoprotein lipase are associated with reciprocal changes in plasma triacylglycerol concentrations [2], lm lying the variable use of fatty acids oxidation. Since the oxidation of fatty acids suppresses glucose utilization at the level of oxidation (via the pyruvate dehydrogenase complex, PDH), glycolysis and glucose uptake/phosphorylation [3], it was of obvious interest to examine the pattern of changes of cardiac glucose utilization over the diurnal cycle. In further experiments, we assessed whether circulating lipids might suppress cardiac glucose utilization in vivo by comparisons of rates of glucose utilization b hearts from fed rats in vivo with those of hearts from Ted rats perfused in the absence of lipid.
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Rates of glucose uptake/phosphorylation (Rg) in vivo were estimated using 2-[3H]-deoxyglucose in resting, conscious rats provided with standard [52% w/w carbohydrate, 3% w/w lipid] chow and water ad libitum at 3 h intervals throughout the li ht (L) and dark (D) phases of a 12 h-light/l2 h-dark cycfe (light from 1O:OO a.m.) as described previously [l] . The capacity of the heart for pyruvate oxidation in vivo was assessed by measurement of the active form of the PDH complex (PDH,) in extracts of freeze-clamped hearts [4] . Hearts from fed rats were also removed and erfused anterogradely with Krebs & Henseleit 25 rnR-NaHC03-buffered saline containing 5 mM-glucose as described previously [5-71. Sodium lactate was included in the perfusate in some experiments, in which case the perfusat NaCl concentration was decreased such that the extra Na was accommodated.
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Cardiac Rg values were relatively constant throughout the 12 h-dark/l2 h-light cycle (Table 1 ). The mean Rg over the light phase was 79.9 f 5.7 ng/min per mg, compared with 81.7 2 5.2 ng/min per mg over the dark phase. The maximum Rg was observed at the end of the dark (feeding/activit ) phase (Table 1 ). The diurnal variation in Rg (c.v. 0?16%) was modest compared with the dramatic suppression of Rg observed after 48 h-starvation [8, 9] or after the administration of a lipid meal [9] . Since it is believed that the oxidation of lipid-derived fuels sup resses the utilization of glucose by the heart in proyonged starvation [9] , the maintenance of relatively high cardiac Rg values throughout the diurnal cycle suggests that the use of lipid-derived fuels as oxidative substrates by the heart is minimal.
This was investigated directly by a comparison of Rg values in vivo with rates of glucose uptake by the hearts from ad libitum-fed rats perfused anterogradely at physiological work load with 5 mM-glucose as sole exogenous substrate. Mean rates of glucose uptake (240 r 10 pmol/heart/2 h) were several-fold greater than in vivo. It would appear that at least 70% of total cardiac energy requirement in the fed state in vivo is provided by circulating fuels other than glucose.
Lactate can support cardiac metabolism and contractile activity in vitro (see [lo] ). The heart takes up lactate at concentrations exceeding 0.2 mM. In the presence of 5 mM-glucose, half-maximal lactate uptake is observed at 1.3 mM-lactate. These relative concentrations are comparable to those found in the fed state in vivo [ll] . We therefore evaluated the potential for use of exogenous (circulatin ) lactate as a cardiac fuel by measuring the the diurnal cycle. Mean i D H a activities measured during the light and dark phases were 6413 f: 837 (15) m-unit/g wet wt. and 7785 f 672 (27) m-unit/g wet wt. respectively. Irrespective of sampling time, cardiac PDH, greatly exceeded Rg (by approx. 5-fold) throughout the entire light/dark cycle.
In the perfused heart, lactate is used in preference to glucose, but rates of utilization of glucose equivalents remain constant [lo] . We propose that the oxidation of pyruvate derived from circulating lactate makes a significant contribution to the cardiac fuel requirement during unrestricted feeding in vivo provided that the capacity for pyruvate oxidation (PDH, activity and oxygen supply) remains high. The concomitant sparing of the direct use of circulating glucose by the heart in vivo may be im ortant under conditions where peripheral glucose utiEzation is augmented but glycaemia cannot necessarily be maintained through hepatic gluconeogenesis and/or glucose conservation by the oxidation of lipid.
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